The genus Lentibacillus was first proposed by by Yoon et al. (2002) to accommodate an aerobic, Gram-variable, endospore-forming, rod-shaped and moderately halophilic bacterium isolated from a salt field of the Yellow Sea in Korea. Subsequently the description of the genus has been emended . At the time of writing, the genus Lentibacillus comprises 13 recognized species (http:// www.bacterio.net/lentibacillus.html). Members of the genus Lentibacillus exist in some types of high salt habitats such as salt lakes Lim et al., 2005; Yuan et al., 2007; Lee et al., 2008a; S anchez-Porro et al., 2010) , fermented foods (Namwong et al., 2005; Tanasupawat et al., 2006; Pakdeeto et al., 2007; Jung et al., 2010 Jung et al., , 2015 , salt fields (Yoon et al., 2002; Lee et al., 2008b ) and a saline sediment sample . Members of the genus Lentibacillus are Gram-variable, catalase-positive, oxidasevariable and urease-negative rods that contain meso-diaminopimelic acid as the diagnostic cell-wall diamino acid, menaquinone-7 (MK-7) as the predominant isoprenoid quinone and phosphatidylglycerol and diphosphatidylglycerol as the major polar lipids . During an investigation on the diversity of endophytic bacteria in poplar trees, a moderately halophilic bacterial strain, designated WD4L-1 using a polyphasic approach indicated that this strain represents a novel species of the genus Lentibacillus.
Strain WD4L-1 T was isolated from surface-sterilized stem tissue of a poplar tree planted in the Wudalianchi Global Geopark, located in Heilongjiang province, PR China. For isolation, the branches of a poplar seedling were collected and brought to our laboratory where they were washed with tap water, then stems were cut into small fragments (about 10 cm length) and the surface was sterilized by immersion in 70 % ethanol for 1 min, in 2 % sodium hypochlorite for 10 min, followed by three 10 min rinses in sterile distilled water. To check for surface contamination, samples were imprinted on triplicate plates of tryptic soy agar (TSA; BD Diagnostics). Stem tissues found to be free of surface contamination were cut into smaller pieces with a pair of sterilized scissors in a sterile Petri dish, and put on LB agar (Miller, 1972) . After aerobic incubation at room temperature for 3-7 days, colonies that appeared on LB agar plates were picked and re-streaked on fresh media, until pure cultures were obtained. Strain WD4L-1 T was selected and pure cultures were maintained at À80 C in 30 % (v/v) glycerol.
The type strains Lentibacillus garicola JCM 30131
T and Virgibacillus siamensis JCM 15395 T were purchased from the Japan Collection of Microorganisms (JCM), and were used as reference strains under the same growth conditions. The identification of the novel strain was performed based on the proposed minimal standards described by Logan et al. (2009) .
A loop of biomass of strain WD4L-1 T was scraped off the LB agar plate, suspended in 100 µl ddH 2 O and lysed by 10 min boiling and afterwards 5 min freezing. After centrifugation, the supernatant was used as the template for PCR. The 16S rRNA gene was amplified using the universal primers 27F and 1492R (Lane, 1991) . Purified PCR products of approximately 1.5 kb in length were sequenced with an ABI 3730 sequencer (Applied Biosystems) following the manufacturer's protocols. The almost complete 16S rRNA gene sequence was determined by direct sequencing and compared with related available 16S rRNA gene sequences in the EzTaxon database (www.ezbiocloud.net; Kim et al., 2012) . Multiple alignments were performed using the CLUSTAL X program (Thompson et al., 1997) and the model selection test was used to determine the best model by using the software package MEGA version 6.0 (Tamura et al., 2013) . The Tamura 3-parameter model was used to calculate evolutionary distances. The phylogenetic trees were reconstructed with the neighbour-joining (Saitou & Nei, 1987) , maximum-likelihood (Felsenstein, 1981) and minimum-evolution (Rzhetsky & Nei, 1992 , 1993 methods using the MEGA6 software package (Tamura et al., 2013) . In each case bootstrap values were calculated based on 1000 replications. Nearest-neighbour-interchange was applied to the maximum-likelihood analysis. The 16S rRNA gene sequence of strain WD4L-1 T was 1469 bp. The neighbour-joining phylogenetic tree (Fig. 1) reconstructed from 16S rRNA gene sequences of strain WD4L-1 T and some related species of the genera Lentibacillus and Virgibacillus showed that strain WD4L-1 T was located in a phylogenetic clade together with all recognized species of the genus Lentibacillus, and was most closely related to Lentibacillus garicola SL-MJ1
T with a 16S rRNA gene sequence similarity of 96.1 %. The topologies of phylogenetic trees built using the maximum-likelihood and minimum-evolution methods also supported these results, indicating that strain WD4L-1 T formed a stable clade. The generally accepted criterion for delineating a bacterial species states that strains with a 16S rRNA gene sequence dissimilarity above 3 % are considered to belong to separate species (Stackebrandt & Goebel, 1994; Tindall et al., 2010) , hence our data suggest that strain WD4L-1 T represents a novel species of the genus Lentibacillus.
Colonial properties of the isolate were observed on LB agar (Miller, 1972) . Cell morphology was examined by scanning electron microscopy (S-3400N; Hitachi) after incubation of strain WD4L-1 T for 1 day in LB broth at 28 C. For the observation of endospores, cells were grown on endosporeforming medium [per litre: 0.007 g yeast extract, 0.01 g tryptone, 0.01 g glucose, 0.002 g (NH 4 ) 2 SO 4 , 0.002 g MgSO 4 .7H 2 O and 0.01 g K 2 HPO 4 , pH 7.0] for 23 days. The position of endospores in the cells was examined by optical microscopy (DP71; Olympus). Motility was observed under a phase-contrast microscope (Leica DM5500; Â1000 magnification) with cells grown on an LB agar at 28 C for 1 day. The flagellum type was determined by transmission electron microscopy (JEM-1400; JEOL) after incubation on LB agar for 1 day at 28 C. Gram staining was determined by using the bioM erieux Gram Stain kit according to the manufacturer's instructions. Growth was tested at 5, 10, 15, 20, 25, 30, 35, 37, 40, 45, 50, 55 and 60 C on LB agar. The pH range for growth was determined by measuring the optical densities (wavelength 600 nm) of LB broth cultures after 3 days. The pH was adjusted prior to sterilization to pH 4-10 (at intervals of 1.0 pH unit) using appropriate biological buffers (Breznak & Costilow, 2007; Delory & King, 1945) : citrate/Na 2 HPO 4 buffer for pH 4.0-5.0, phosphate buffer for pH 6.0-7.0, Tris buffer for pH 8.0-9.0 and NaHCO 3 /Na 2 CO 3 buffer for pH 10.0. Verification of the pH after autoclaving revealed only minor changes. Tolerance of NaCl was determined by using LB agar adjusted to various NaCl concentrations in the range of 0-20.0 % (w/v, intervals of 1 %). Oxidase activity was tested using oxidase reagent (bioM erieux) according to the manufacturer's instructions. Catalase activity was determined by assessing bubble production in 3.0 % (w/v) H 2 O 2 (Shiratori et al., 2009 ). Anaerobic growth was tested as described by Gao et al. (2016) . Hydrolysis of starch and casein was tested using standard methods (Gerhardt et al., 1994) . Hydrolysis of L-tyrosine was tested using nutrient agar (NA; Difco) with 0.5 % L-tyrosine. Hydrolysis of Tweens 20 and 80 was tested on marine agar 2216 (MA; BD) with 0.5 % Tween 20 or Tween 80, and supplemented additionally with 6 % (w/ v) NaCl. Carbon source utilization, acid production and additional physiological and biochemical characterizations were performed using the Biolog GEN III microtest system (Biolog) and API 20E, API 20NE, API 50CH and API ZYM systems (bioM erieux) according to the manufacturers' instructions. Differential characteristics of strain WD4L-1 T and related species of the genera Lentibacillus and Virgibacillus are given in Table 1 and in the species description.
For determination of cellular fatty acid composition, strain WD4L-1 T and the reference strains Lentibacillus garicola JCM 30131
T and Virgibacillus siamensis JCM 15395 T were incubated for 3 days on TSA medium at 28 C. The cellular fatty acids were saponified, methylated and extracted according to the protocol of the Sherlock Microbial Identification System (MIDI), and then analysed via gas chromatography (6890; Hewlett Packard). The fatty acid methyl esters were identified and quantified by using the TSBA 40 database (version 4.1) of the Sherlock Microbial Identification System (version 4.5; MIDI). The major fatty acids of strain WD4L-1 T were anteiso-C 15 : 0 (41.9 %), iso-C 15 : 0 (19.0 %) and anteiso-C 17 : 0 (11.4 %). The minor differences in the fatty acid profiles among strain WD4L-1 T and its closely related species Lentibacillus garicola JCM 30131 T and Virgibacillus siamensis JCM 15395 T are shown in Table 2 .
Polar lipids of strain WD4L-1 T were extracted according to the method of Bligh & Dyer (1959) . Extracted polar lipids were separated by two-dimensional silica-gel TLC. Chloroform/methanol/water (65 : 25 : 4, by vol.) was used as the first solvent system and chloroform/methanol/glacial acetic acid/water (80 : 12 : 15 : 4, by vol.) was used as the second solvent system. Individual lipids were detected by using the following spray reagents: molybdenum blue reagent, to detect lipids containing phosphate esters (Komagata & Suzuki, 1988) , and a-naphthol, to visualize carbohydratecontaining lipids (glycolipids) (Jacin & Mishkin, 1965) . Molybdatophosphoric acid was used to obtain a fingerprint of the total lipid content (Collins & Jones, 1980; Minnikin et al., 1984) . The major lipids of strain WD4L-1 T were diphosphatidylglycerol (DPG), phosphatidylglycerol (PG) and one unidentified phospholipid (Fig. S1 , available in the online Supplementary Material), which was consistent with the profile of Lentibacillus garicola SL-MJ1
T (Jung et al., 2015) . Respiratory quinones of strain WD4L-1 T were extracted and purified as described by Collins (1985) and analysed by HPLC (Wu et al., 1989) . This step was carried out on an Aglient LC-5510 HPLC fitted with a reverse-phase column [Diamonsil C 18 (250Â4.6 mm, 5 µm id)] using acetonitrile/ isopropyl alcohol (5 : 3, v/v) as the eluant, the flow rate was 1.25 ml min
À1
, menaquinone was detected at 270 nm. The respiratory quinone of strain WD4L-1 T was menaquinone-7 (MK-7), which was consistent with the respiratory quinone of the genus Lentibacillus (Jung et al., 2015) .
Cell-wall peptidoglycan analysis was performed using TLC after hydrolysis with 6 M HCl at 100 C for 18 h, as described by Komagata & Suzuki (1988) . Subsequently, diaminopimelic acid was identified by comparing Rf values, using commercially prepared standards of diaminopimelic acid (Sigma). meso-Diaminopimelic acid was detected as the diagnostic diamino acid in the cell wall (Fig. S2) .
Preparation of genomic DNA was carried out according to the method of Marmur (1961) . The G+C content of the DNA was determined by using the thermal denaturation method (Marmur & Doty, 1962) with Escherichia coli K-12 as a control. The DNA G+C content of strain WD4L-1 T was 36.9 mol%.
Based on the results of the present study, it can be concluded that the strain WD4L-1 T represents a novel species of the genus Lentibacillus, for which the name Lentibacillus populi sp. nov. is proposed. An emended description of the genus Lentibacillus is also provided.
Description of Lentibacillus populi sp. nov.
Lentibacillus populi (po¢pu.li. L. gen. fem. n. populi of poplar, the plant from which the isolate was obtained).
Cells are Gram-staining-positive, aerobic, motile by means of polar flagella (Fig. S3) , and rod-shaped, approximately 0.4-0.6 µm in width and 1.5-2.9 µm in length, after incubation for 24 h at 28 C in LB broth (Fig. S4a) . Ellipsoidal endospores are formed in a terminal position after incubation for 23 days at 28 C on endospore-forming medium (Fig. S4b) . Colonies are circular with entire margins, raised, opaque, smooth, cream and 1.0-1.5 mm in diameter after incubation for 4 days at 28 C on LB agar. The growth temperature range is 15-50 C; optimum growth at 30 C. The pH range for growth is pH 6.0-9.0; optimum growth at pH 7.0. Growth occurs with NaCl concentrations of 0-15 % (w/v); optimum growth at 7-8 % (w/v). Growth occurs on TSA Difco), but not on NA (Difco). Positive results in tests for oxidase, catalase, nitrate reduction and hydrolysis of gelatin, Tween 20 and Tween 80, but negative results for H 2 S production and hydrolysis of casein, starch and tyrosine. In the API 20E system,positive for gelatinase activity and fermentation-oxidation of melibiose, and weakly positive for citrate utilization and fermentation-oxidation of sucrose and amygdalin. In the API 20NE system, positive for nitrate reduction, hydrolysis of aesculin and gelatin, and assimilation of glucose, D-mannose, D-mannitol and malic acid. In the API ZYM system, positive for alkaline phosphatase, C4 esterase, C8 esterase lipase, leucine arylamidase, valine arylamidase, cystine arylamidase, a-chymotrypsin, acid phosphatase, naphthol-AS-BI-phosphophydrolase, a-glucosidase and N-acetyl-b-glucosaminidase activities, but negative for a-galactosidase, b-glucuronidase, b-glucosidase, a-mannosidase, C14 lipase, trypsin, b-galactosidase and a-fucosidase activities. In the Biolog GEN III MicroPlate system, positive for utilization of inosine, 1 % sodium lactate, lithium chloride, Tween 40, acetoacetic acid, propionic acid, acetic acid, aztreonam, sodium butyrate, growth at pH 6.0 and with 1, 4 and 8 % NaCl, respectively; does not grow under all the other conditions of the GEN III MicroPlate system. The major fatty acids (>10 %) are anteiso-C 15 : 0 , iso-C 15 : 0 and anteiso-C 17 : 0 . The major polar lipids are diphosphatidylglycerol, phosphatidylglycerol and one unidentified phospholipid. The peptidoglycan contains meso-diaminopimelic acid. The predominant respiratory quinone is menaquinone-7 (MK-7).
The type strain is WD4L-1 T (=CGMCC 1.15454 T =DSM 101738 T ), isolated from surface-sterilized stem tissue of a poplar tree planted in the Wudalianchi Global Geopark, located in Heilongjiang province, PR China. The DNA G+C content of the type strain is 36.9 mol%.
Emended description of the genus Lentibacillus Yoon et al. 2002 emend. Jeon et al. 2005 The description of the genus Lentibacillus is as given by Jeon et al. (2005) with the following amendments. The major fatty acids are anteiso-C 15 : 0 , iso-C 15 : 0 , iso-C 16 : 0 and anteiso-C 17 : 0 . The G+C content of the DNA is in the range 36.9-49.0 mol% (Lee et al., 2008b) .
